A simple, sensitive, and stability-indicating high-performance thinlayer chromatography (HPTLC)-densitometric method was developed for the quantification of biomarker naringin in the methanol extracts of stems and leaves of Rumex vesicarius. Chromatography was performed on glass-backed silica gel 60 F 254 high-performance thin-layer chromatography (HPTLC) plates with ethyl acetateglacial acetic acid-MeOH-H 2 O (30:10:5:1, v/v) as mobile phase. Scanning and quantification were done at 275 nm. The system was found to give compact spot for naringin at R F = 0.46 ± 0.001. The linear regression analysis data for the calibration plots showed good linear relationship with r 2 = 0.998 with respect to area in the concentration range of 100-1000 ng. The regression equation of standard was found to be Y = 3.438X + 38.485. Naringin was subjected to acid and alkali hydrolysis, peroxide oxidation, photodegradation, dry heat, moist heat, and ultraviolet (UV) treatment. The drug undergoes complete degradation under acidic treatment and mild degradation under basic and hydrogen peroxide treatment. The degraded products were well-separated from the pure drug. The statistical analysis proves that the developed method for quantification of naringin is reproducible and selective. Due to the ability of the method in separating naringin from other constituents including its degradation products, it can be employed as stability-indicating method for in-process as well as finished products in the market. It is for the first time that authors are reporting a complete stabilityindicating densitometric HPTLC method for the estimation of biomarker naringin in the leaves and stems of R. vesicarius L.
Introduction
Rumex vesicarius L., belonging to family Polygonaceae, is a wild edible herb commonly found in Egypt and other Arabian countries [1] and is reported to be used in the treatment of hepatic disorders, cardiac disorders, and asthma [2] . R. vesicarius is reported to contain phytoconstituents like anthraquinones and flavonoids [3] and phenolic compounds [4] . Out of various phenolic constituents identified and analyzed in R. vesicarius, 6-Cglucosyl-naringenin was found to be the major phenolic compound [4] . It is experimentally proved that naringin can be converted to its various analogues, viz., naringenin 7-O-glucoside, naringenin, naringenin 4´,7-O-diglucoside, naringenin 5,7-Odiglucoside, naringenin 7-O-gentiobioside, naringenin 7-O-rutinoside, and 7-O-gentiobiosyl-4´-O-glucosylnaringenin [5] .
Naringin (Figure 1 ) is widely found in grape and citrus fruits [6] and extensively used in functional foods [7] . It is reported to be an effective agent to treat breast cancer [8] , progression of hyperglycemia [7] , and cardiac diseases [9] . Naringin was determined in human plasma, rat plasma, food products, and different herbal formulations by liquid chromatography-mass spectrometry (LC-MS) [10] , ultra-performance liquid chromatographytandem mass spectrometry (UPLC-MS/MS) [11] , LC-MS/MS [12] , and ultra high-performance liquid chromatography (UHPLC) [13] . The HPTLC fingerprint profile was reported on R. vesicarius [14] , but a complete validated stability-indicating analytical method has not been reported yet for the quantification of naringin in the stems and leaves of R. vesicarius. Since many samples can be run simultaneously in HPTLC using a little volume of mobile phase, it reduces the time and cost per analysis which is an advantage of HPTLC over other chromatographic techniques like HPLC [15, 16] . Therefore, the present study was planned to develop and validate a stability-indicating HPTLC densitometric method for the analysis of naringin. The same method was used for the quantification of naringin in methanol extract of stems (sample A) and leaves (sample B) of 
Apparatus and Reagents
Naringin (standard) was obtained from Sigma-Aldrich. Analytical grade reagents and solvents (ethyl acetate, GAA, and MeOH) were purchased from Winlab and BDH (UK). Glassbacked silica gel 60F 254 HPTLC plates (10 × 20 cm) were purchased from Merck (Darmstadt, Germany). Methanol solution (0.1 mg mL −1 ) of standard and different extracts was applied to chromatographic plates band-wise, by means of an automatic TLC sampler-4 (CAMAG, Muttenz, Switzerland) and developed in ADC2 (automatic development chamber) (CAMAG, Muttenz, Switzerland). TLC plates were then documented by CAMAG TLC Reprostar 3 and scanned by CATS 4.
HPTLC Instrumentation and Conditions
Chromatographic analysis was done on 10 × 20 cm HPTLC plates. Samples were applied as bands, 6-mm wide and 8-mm apart, by Linomat IV sample applicator. The application rate of sample on plate was 160 nL s −1 . The plates were developed in previously saturated 20 × 10 cm twin-trough glass chamber (at RT [25 ± 2°C] and RH [60 ± 5%]), using green solvents ethyl acetate-GAA-MeOH-H 2 O (30:10:5:1, v/v) as mobile phase. The plates were dried at room temperature and then heated to identify compact bands. Quantitative analysis was performed at wavelength 275 nm in reflectance mode with CATS 4 operated by winCATS software (Version 1.2.0).
Extraction Conditions

Preparation of Sample A and Sample B (Stem and Leaf Extract of R. vesicarius)
The stems and leaves of R. vesicarius were air-dried and pulverized. Five hundred grams of each of the powdered material were packed in muslin cloth and subjected to Soxhlet extractor for continuous hot extraction with methanol (95%) for 72 h. Thereafter, methanolic extracts were filtered through Whatman paper No. 42, and the obtained extracts were concentrated under reduced pressure and finally vacuum-dried. The yields were 4.2% and 6.5% w/w, respectively.
The procedure adopted for sample preparation and preparation of marker compound solution was optimized for high-quality fingerprinting. The marker compound was found to be soluble in methanol (95%); hence, methanol (95%) was used for the extraction of samples.
Preparation of Standard
Stock solution of standard (naringin) (1 mg mL −1 ) was prepared in methanol (95%). One milliliter of the stock solution was again diluted in 10 mL methanol to make the concentration 100 μg mL −1 . For calibration, naringin standard solution (1-10 μL) was applied on an HPTLC plate to furnish concentration in the range 100-1000 ng per band.
Method Validation
Method validation was carried out as per ICH guidelines for linearity range, precision, accuracy, robustness, limit of detection (LOD), limit of quantification (LOQ), and recovery.
Precision (inter-and intra-day) and accuracy of the assay were evaluated by performing replicate analyses (n = 6) of samples at three quality-control (QC) levels, low, medium, and high of 150, 300, and 600 ng band −1 , respectively. Inter-day precision and accuracy were determined by repeating the intra-day assay on three different days. Precision was expressed as coefficient variation (% CV) of measured concentrations for each calibration level, whereas accuracy was expressed as percentage recovery.
Robustness was studied in triplicate at 300 ng band −1 by making small changes to mobile phase composition, mobile phase volume, and duration of mobile phase saturation and activation of HPTLC plates. The results were examined in terms of relative standard deviation (% RSD) and standard error (SE) of peak areas. Mobile phases prepared from ethyl acetate-GAA-MeOH-H 2 O (30:10:5:1, v/v) in different proportions (30:10:5:2.5, v/v; 30:10:2.5:2.5, v/v; 30:15:5:2.5, v/v) were used for chromatography. Mobile phase volume and duration of saturation investigated were 20 ± 2 mL (18, 20, and 22 mL) and 20 ± 10 min (10, 20, and 30 min), respectively. The plates were activated at 110°C for 30 min before chromatography.
LOD and LOQ were calculated based on the standard deviation (SD) of the response and the slope (S) of the calibration curve at levels approaching LOD according to the formulae: (LOD = 3.3 [SD/S] and LOQ = 10 [SD/S]). The standard deviation of the response was determined based on the standard deviation of yintercepts of regression lines.
Recovery was studied by applying the method to drug samples to which known amounts of marker corresponding to 50, 100, and 150% of the naringin had been added. Each level was analyzed in triplicates. This was to check the recovery of naringin at different levels in the extracts.
Forced Degradation of Naringin
A stock solution of naringin (100 μg mL −1 ) was prepared in methanol (95%). This stock solution was used for forced degradation study which will provide information regarding the stability and specificity of the proposed method.
Preparation of Acid-Induced Degradation Product
Ten milliliters of 1 N HCl were added separately to 10 mL of stock solution of naringin. This mixture was then refluxed at 80°C for 3 h. The forced degradation was conducted in darkened place to avoid the possible deteriorative effect of light. Ten microliters (500 ng spot −1 ) of the final solution were applied on HPTLC plate, and chromatogram was developed.
Preparation of Base-Induced Degradation Product
Ten milliliters of 1 N NaOH were added separately to 10 mL of stock solution of naringin. This mixture was then refluxed at 80°C for 3 h. The forced degradation was conducted in darkened place to avoid the possible deteriorative effect of light. Ten microliters (500 ng spot −1 ) of the final solution were applied on HPTLC plate, and chromatogram was developed.
Preparation of Hydrogen Peroxide-Induced Degradation Product
Ten milliliters of hydrogen peroxide (H 2 O 2 ) (30%, v/v) were added to 10 mL of stock solution of naringin. This mixture was then heated for 10 min on water bath for the complete removal of excess H 2 O 2 and then refluxed at 80°C for 3 h. Ten microliters (500 ng spot −1 ) of the final solution were applied on HPTLC plate, and chromatograms was developed.
Dry Heat-Induced Degradation Product
To study the inherent stability of naringin to dry heat induced degradation, its powder was stored at 100°C for 8 h under dry heat conditions. The methanolic stock solution of dry heat exposed drug was prepared by dissolving 1 mg of the sample in 10 mL methanol. Five microliters (500 ng spot −1 ) of the resultant solution were applied on HPTLC plate, and the chromatogram was developed.
Moist Heat-Induced Degradation Product
To study the wet heat-induced degradation, 10 mL of stock solution were diluted with 10 mL of methanol refluxed for 3 h on boiling water bath. Ten microliters (500 ng spot −1 ) of the final solution were applied on HPTLC plate, and chromatogram was developed.
Photochemical and UV Degradation Product
Ten milliliters of the stock solution of naringin were diluted with 10 mL with methanol (50 μg mL −1 ), and the photochemical stability of the drug was studied by exposing the stock solution to direct sunlight for 3 days (from 09:00 to 17:00 h at 30°C, total of 24 h).
The drug solution was also exposed to ultraviolet (UV) radiation at 254 nm for 8 h in a UV-chamber. Ten microliters (500 ng spot −1 ) of the resultant solution were applied on TLC plate, and the chromatogram was developed.
In all degradation studies, the average peak areas of naringin after application (500 ng spot −1 ) of six replicates were obtained.
Results and Discussion
Method Development
Chromatogram was developed for naringin under chamber saturation conditions using green solvents ethyl acetate-GAA-MeOH-H 2 O (30:10:5:1, v/v) as solvent system (Figure 2) . The same mobile phase was employed for the separation of methanolic extracts of samples A and B. The optimized saturation time was observed as 20 min. Densitometric analysis was performed at 275 nm in reflectance mode. Compact, sharp, symmetrical, and high-resolution bands of naringin were obtained at R F 0.46 ± 0.001 (Figure 3) . According to literature survey, there is no stability-indicating HPTLC densitometric method reported to quantify naringin in R. vesicarius. Therefore, attempts were made to develop and validate a cost-effective, simple stabilityindicating HPTLC method to quantify naringin in crude drug extracts. The developed method was found to be quite selective with good baseline resolution. The identity of the bands of compounds in the sample extracts was confirmed by overlaying their absorption spectra with those of the standards (Figure 4 ).
Method Validation
Linearity of compound naringin was validated by the linear regression equation and correlation coefficient. The six-point calibration curve for naringin was found to be linear in the range of 100-1000 ng. Regression equation and r 2 for the reference compound were observed as Y = 3.438X + 38.485 and 0.998, respectively, which revealed a good linearity response for the developed method (Table 1) . The mean value with ±SD of the slope was 3.438 ± 0.006 for naringin. No significant difference was observed in the slopes of standard plots (P > 0.05). Table 2 presents intra-day and inter-day precision and accuracy of the assay for naringin at three QC levels (150, 300, and 600 ng band −1 ). Both intra-and inter-day precisions were deter- mined in terms of % CV. Intra-and inter-day precisions (n = 6) for naringin were found to be 1.46-1.62% and 1.66-1.84%, respectively, which demonstrated the good precision of proposed method. However, intra-and inter-day accuracies of naringin were observed as 98.9-99.6% and 99.2-99.7%, respectively. These results indicated the accuracy of the proposed method. The SD and % RSD were also calculated at 300 ng band −1 concentration level of naringin. The low value of SD and % RSD obtained after introducing small deliberate changes in the method indicated that the method was robust ( Table 3 ). LOD and LOQ were found to be 36.9 and 111 ng band −1 , respectively (Table 1 ). This indicated that the proposed method exhibits a good sensitivity for the quantification of the above compound. Good recoveries were obtained by the fortification of the sample at three quality-control levels of naringin. It is evident from the results that the percent recoveries for naringin after sample processing and applying were in the range of 99.3-99.7% as shown in Table 4 .
HPTLC Analysis of Prepared Samples
The utility of the proposed method was evaluated by applying this method for the quantification of naringin in samples A and B. The contents of naringin in the samples A and B were found to be 1.35% ± 0.01% and 2.73% ± 0.03% w/w, respectively. It is for the first time that a simple, accurate, and rapid HPTLC method has been developed for the quantification of bioactive marker naringin in crude drug collected from Saudi Arabia. 
Stability-Indicating Property
The chromatogram of the sample treated with acid (1 N HCl) showed complete degradation of the pure compound naringin, indicated by the absence of the peak of standard compound and formation of different peaks at different R F values of 0.02, 0.05, 0.20, and 0.62, respectively ( Figure 5) . The chromatograms of the samples treated with base (1 N NaOH) showed well-separated spots of pure naringin as well as some additional peaks of degraded products at different R F values of 0.02 and 0.62, respectively ( Figure 6) . The base-degraded product peak areas were found to be less than the area of standard drug concentration (500 ng spot −1 ). The drug recovery of 54% suggests significant degradation of naringin in basic condition (1 N NaOH). The chromatograms of the samples treated with peroxide (30% H 2 O 2 ) showed two spots for naringin and degraded product at R F value of 0.46 and 0.14, respectively (Figure 7) , and the drug recovery was found to be 70.46%. The samples treated with dry heat, moist heat, photochemical, and UV (254 nm) light showed no additional peaks other than the standard naringin peak at R F = 0.46 ± 0.001, suggesting the stability of naringin towards dry heat, moist heat, photochemical, and ultraviolet light-induced degradation.
The degradant identification was based on the comparison of the UV spectra of "stressed samples" with those of the "standard solution". The total number of degraded products with their R F values, amount of naringin remained after its degradation, and percentage recovery of standard compound was calculated and is listed in Table 5 . Chromatogram of acid (1 N HCl, reflux for 3 h at 80°C) treated naringin: peak 1, degradant (R F = 0.02); peak 2, degradant (R F = 0.05); peak 3, degradant (R F = 0.21); peak 4, degradant (R F = 0.62).
Figure 6
Chromatogram of base (1 N NaOH, reflux for 3 h at 80°C) treated naringin: peak 1, degradant (R F = 0.02); peak 2, naringin (R F = 0.46); peak 3, degradant (R F = 0.62).
Figure 7
Chromatogram of H 2 O 2 ([30%, v/v, reflux for 3 h at 80°C]) treated naringin: peak 1, degradant (R F = 0.0.14); peak 2, naringin (R F = 0.46).
Conclusion
The HPTLC technique developed is precise, accurate, specific, and stability-indicating for the determination of naringin. The method is proved to be reproducible with the help of statistical analysis and is also selective for the analysis of naringin in crude drug as well as herbal formulations. It is suggested to further study the degradation kinetics of naringin and its determination in plasma and other biological fluids. As the method separated the drug from its degradation products, it can be employed as a stability-indicating method for in process as well as finished products in the market. The authors are privileged to perform this stability-indicating estimation of naringin for the first time in the leaves and stems of R. vesicarius.
